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Description 

BACKGROUND OF THE INVENTION 

^ Field of t he Invention 

{0001 J The present invenlion relates generally to methods and compositions for the respiratory delivery of insulin to 
diabetic patients. More particularly, the present invention relates to the pulmonary delivery of dry powder insulin prep- 
arations for rapid systemic absorption through the lungs. 

•JO [0002] Insulin is a 50 amino acid polypeptide hormone having a molecular weight of about 6,000 which is produced 
in the pancreatic jj-ceils of normal (non-diabetic) individuals, insulin is necessary for regulating carbohydrate metab- 
olism by reducing blood glucose levels, and a systemic deficiency causes diabetes. Survival of diabetic patients de- 
pends on the frequent and long-term administration of insulin to maintain acceptable blood glucose levels. 
[000 3J Insulin Is most commonly administered by subcutaneous injectiort, typically into the abdomen or upper thighs. 

75 In order to maintain acceptable blood glucose levels, it is often necessary to inject. in$ulin at least once or twice per 
day, with supplemental injections of rapid-acting insulin being admfriistered when necessary. Aggressive treatrhent of 
diabetes can require even more frequent injections, where the patient closely monitors blood glucose levels using 
home di.ggnostic kits. The present invention is particularly concerned with the administration of rapid acting insulins 
which are able lo provide serum insulin peaks within one hour and glucose troughs within 90 minutes. 

20 [0004] The administration of insulin by injection is undesirable in a number of respects. First, many patients find it 
(iifflcult and burdensome to inject themselves as frequently as necessary to maintain acceptable blood glucose levels. 
Such reluctance can lead to non-compliance, which in the most serious cases can be life-threatening. Moreover, sys- 
temic absorption of insulin from subcutaneous injection Is relatively slow, frequently requiring from 45 to 90 minutes, 
even v/hen fast-acting insulin formulaUons are employed. 

ThuS: it has long been a goal to provide alternative insulin formulations and routes of administration which avoid the 
need for solf-injeclion and which pan provide rapid systemic availability of the insulin. 

(0005] A variety of such alternative insulin administration roots have been proposed. Including intranasal, intrarectal, 

and inlravagihaL 

[0006] While these techniques avoid the discomfort and poor compliance associated with subcutaneous injection. 

30 they each sufTer from their owri limitations, fntrarectal and Intravaginal are Inconvenient, uncomfortable, and the latter 
is not available to the entire population of diabetics. Intranasal delivery would be convenient and probably less objec- 
tionable than injection, but requires the use of potentially toxic "penetration enhancers" to effect passage of insulin 
across the nasal mucosa, which is characterized by a thick epithelial layer which is resistant to the passage of mac- 
romolecules. Of particular interest to the present invention is pulm.onary insulin delivery where a patiefit inhales an 

j5 insulin formulation and systemic absorption occurs through the thin layer of epithelial cells in the alveolar regions of 
the lung. Such pulmonary insulin delivery appears to provide more rapid systemic availability than does subcutaneous 
injeclion and avoids the use of a needle. Pulmonary Insulin delivery, however, has yet to achieve v/idespread accept- 
ance. Heretofore, pulmonary delivery has been most often accomplished through nebulization of liquid insulin tormu- 
lations. requiring the use of cumbersome liquid nebulizers. Moreover, the aerosols formed by such nebuli^ers have a 

''0 very low insulin concentration, necessitating a large number of inhalations to provide an adequate dosage. Insulin 
concentration is limited due to the low solubility of insulin In suitable aqueous solutions. In some cases, as many as 
80 or more t^reaths may be required to achieve an adequate dosiage, resulting in an administration time from 10 to 20 
minutes, or more. 

[0007] It would be desirable to provide improved methods and compositions for the pulmonary delivery of insulin. It 
'/s would bo particularly desirable if such methods and compositions were sufficiently convenient to permit self-adminis- 
tration even away from home and were able to deliver a desired total dosage with a relatively low number of breaths, 
preferably fewer than ten. Such methods and compositions should also provide for rapid systemic absorption of the 
insulin, preferably reaching a serum peak within 45 minutes or less and a resulting glucose trough within about one 
hour or less. Such rapid acting formulations will preferably be suitable for use in aggressive treatment protocols where 
50 injection of intermediate and Jong-acting insulin can be reduced or eliminated. The compositions of the present invention 
should also be stable, preferably consisting of a concentrated dry powder formulation. 

2. Description of the Bac k ground Art 

55. [0008] The respiratory delivery of aerosolized aqueous Insulin solutions is described tn a number of references, 
beginning with GSnssten (1925) Klin. Wochenschr 4:71 and including Laube el al. (^^^3)JAMA 269:2106-21-9: Elliott 
el at. (1987) Ausi Paedlair. J, 23:293-297; Wigley et al. (1971) D/ai[)efes 20:552-556. Corthorpe et al. (1992) Phsrw 
Res 9:764-768; Govinda (1959) Indian J, Phystot. PhamiacoL 3:16M67; Hastings et aL (1992) J. Appt. Physioi. 73: 
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1310-1316; Liu ei al. (1993) JAMA 269:2106-2109: Nagano el al. (1985) Jikeikai Med. 1 32:503-506; Sakr (1992) InL 
J. Phar. 86:1-7; and Yoshida etal. (1967) C//r/. Res, 35:160-166. Ptilmonarydelivery of dry powder medicaments^ such 
ns insulin. In a large particle carrier vehicle is described in U.S. Patent No. 5.254,330. A metered dose inhaler {MD\) 
for delivering crystalline insulin suspended in a propeltant \s described In Lee and Sciara (1976) J. Pharm. Sci. 65: 

5 567-572. A MDI for deliveringi insulin into a spacer for regulating inhalation flow rate is described in U.S. Patent No, 
5,320.094. The inlrabronchlal administration of recombinant Insulin is briefly described in Schiutcr ct al. (Abstract) 
(1984) Diabetes 33:75A and Kdhler et al (l987)iA/emw. Lungenkrkh. 13:230-232, Intranasal and respiratory delivery 
of a variety of polypeptides, including insulin, in the presence of an enhancer, are described in U.S. Patent No. 5.011 .678 
and Nagai et al (1984) J, Contn Ret. 1:15-22. intranasal delivery of insulin in the presence of enhancers and/or con- 

10 tained In controlled release formulations are described In U.S. Patent Nos. 5.204.108; 4,294,829; and 4,153.689: PCT 
Applications WO 93/02712, WO 91/02545, WO 90/09780, and WO 88/04556; British Patent 1,527.605; Ryden and 
Edman (1992) tnt. J. Pharm. 83:1-10; and Bjork and Edman (1988) Int. J, Pharm, 47:233-238. The preparation and 
stability of amorphous insulin were described by RIgsbee and Pika! at the American Association of Pharmaceutical 
Sciences (AAPS). November 14-18, 1993. Lake Buena Vista. Florida. Methods for spray drying polypeptide, polynu- 

''■i deotide and other labile drugs in a carrier which forms an amorphous sloicture which stabilize the drug are described 
In European patent application 520 748. 

SUMMARY OF THE INVENTION 

I'C/ [0009] According to the present invention, methods and compositions for the.aerosolization and systemic delivery 
of insulin to a niamrnnllan host, particularly a human patient suffering from diabetes, provide for rapid absorption into 
blood circulation while avoiding subcutaneous Injection. In parlicular, Ihe methods of the present invention rely on 
pulmonary delivery of insulin in the form of a dry powder. Surprisingly, it has been found that inhaled dry insulin powders 
are deposlled in Ihe alveolar regions of the lung and rapidly absorbed through the epithelial cells of the alveolar region 

^5 into blood circulation. Thus, pulmonary delivery of insulin powders can be an effective alternative to administration by 
subcutaneous injection. 

[0010] In a first aspect of the present invention, insulin Is provided as a dry ijowder, usually but not necessarily in a 
subslantially amorphous state, and dispersed in an air or other physiologically acceptable gas stream to form an aer- 
osol. The aerosol is captured in a chamber having a mouthpiece, where It is available for a subsequent inhalation by 

,10 a patient, optionally, the dry powder insulin is combined with a pharmaceutically acceplable dry powder carrier, as 
described in more detail below. The insulin powder preferably comprises particles having a diameter less then 10 ^im. 
more preferably less than 7,5 jam, and most preferably below S ^m» usually being In the range from 0.1 ^tm to 5 fim. 
Surprisingly, it has been found that Ihe dry powder insulin compositions of the present invention are absorbed in the 
lung without the use of penetration enhancers such as those required for absorption through- Ihe nasal mucosa and 

35 upper respiratory tract. 

[0011 J In a second aspect, the present invention provides insulin compositions consisting essentially of dry powder 
insulin having an average particle size below 10 ).im which may be combined with dry powder pharmaceutical carriers. 
The insulin composition is prelerably free from penetration enhancers and comprises particles having a diameter less 
than 10 pm. preferably less than 7.5 iim, and most preferably below 5 pm. usually being In the range from 0.1 pm to 
"^0 5 um. Usually, the insulin dry powder will have from 5% to 99% by weight insulin In the composition, more usually from 
15% to 80%, In a suitable pharmaceutical carrier, usually a carbohydrate, an organic salt, an amino acid, pepltde, or 
protein, as described in more detail hereinafter 

[001 2] In a third aspect of the presisnl Invention, insulin dry powders are prepared by dissolving insulin In an aqueous 
buffer to form a solution and spray drying the solution to produce subslanliaily amorphous particles having a particle 
size less than 10 pm, preferably less than 7.5 ^jm, and most preferably below 5 pm, usually being in the range from 
0.1 pm to 5 pn). Optionally, the pharmaceutical carrier Is also dissolved In the buffer, to form a homogeneous solution, 
wherein spray drying of the solution produces individual particles comprising iiisulin, carrier buffer, and any other com- 
ponents Vi/hlch were present in the solution. Preferably the carrier is a carbohydrate, organic salt, amino acid, peptide, 
or protein which produces a substantially amorphous structure upon spray drying. The amorphous carrier may be either 
glassy or rubbery and enhances stability of the insulin during storage. Advantageously, such stabilized fomiulatibns 
are also able to effectively deliver insulin to the blood stream upon Inhalation to the alveolar regions of the lungs. 
[0013] A further understanding of the nature and advantages of the invention vyill become apparent by reference to 
Ihe remaining portions of the specification and drawings^ 



>H5 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0014J 



Fig. 1 is a schematic Illustration of a system for aerosolizing a dose of insulin according to the method of the present 
Invention. 

Rq. 2 Is a schematic Illustration of a patient inhaling an aerosolized dose of insulin from the system of Fig. 1. 
Figs. 3A and 3B are graphs illustrating the absorption of recombinant human insulin in rats and resulting glucose 
response following aerosolization of three different dry powder formulations. Each point represents the mean value 
from three differ en I rats. At zero time, the dry powder aerosol generator was turned on. Aerosolization.was complete 
at 5 min, 14 min and 20 min for the 87% insulin/citrate. 20% insulih-mannitol/citrate and 20% fnsulin-raffinose/ 
cilrate powdeis, respectively. Animals were fasted overnight. 

Figs. Afii and 48 are graphs illustrating mean serum time-concentration insulin and glucose profites. respectively 
comparing aerosol and subcutaneous administrations In cynomolgus monkeys. The mean value for three monkeys 
Is reported for the aerosol group, and the mean value for four monkeys is reported for the subcutaneous group. 
Fig. 5A is a graph illustrating the mean insulin concentration over time for subcutaneous injection (O) and for 
inhalation of three puffs (®} in humans. 

Fig. 58 shows the mean glucose concentration corresponding to the insulin concentrations of Fig. 5A. 

Fig. 6A is a graph Illustrating serum insulin concentration over lime as a result of subcutaneous injection (O) and 

three puffs of aerosol administration (®) in humans. 

Fig. 6B is a graph illustrating the serum glucose levels corresponding to the insulin levels in Fig, 6A. 

Figs. 7A and 7B provide a comparison of the intersubjecl variabillly of senjm insulin {7A) and glucose levels (7B) 

for subcutaneous administration (O) and aerosol administration (^); 

Figs, 8A. 88, and 8C show rpHPLC chromatograms of a human insulin. Fig. 8A Is a chromatograph of an insulin 
standard siressed In 10 mM HCI at 25^C, showing human insulin eluting at 23.87 minutes desamido Insulin eluting 
at 30.47 minutes. Fig. 8B shows a similar chromatogram of a human insulin standanj. Fig, ftC shows a similar 
chromatogram of reconstituled. spray-dried insulin formulation prepared according to the present .invention. 
Fig. 9 shows an ultraviolet spectra of an insulin formulation before and after spray drying. No light scattering was 
observed In the visible speclrunri, indicating that insulin did not aggregate during the spray drying process. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0015] According to the present invention, insulin is provided as a dry power. By "dry powder" it is meant that the 
moisture content of the powder is below about 10% by weight, usually below about 5% by weight, and preferably being 
below about 3% by weight. By "powder." it is meant that the insulin comprises free flowing.particulates having a size 
selected (o permit penetration into the alveoli of the lungs, preferably being less than 10 urn in diameter, preferably 
less than 7.5 Mm. and-most preferably less than 5|im, and usually being in the range from 0.1 \iw to 5 pm m diameter 
[0016] The present invention is based at least in part on the unexpected observation that dry powder insulins are 
readily and rapidly absorbed through the lungs of a host. It was surprising that dry powder insulins could reach the 
alveolar region of Ihe lungs, as water-soluble drugs such as insulin particles are known Jo be hygroscopic See e g 
Byron, ed., Respimtory Drug Delivery: CRC Press, Boca Raton (1990). p. 150. Thus, it would have l?een expected thai 
as the particles passed through the airv^ays of the lung (which has a relative humidity in excess of 99% at 37^C), the 
individual particles would have a tendency to absorb y/ater and grow to an effective partiqie size larger than the 10 urn 
upper limit of the present invention. If a substantial fraction of tho insulin particles were larger than the target size 
range, it would be expected that the particles would deposit within the central aimays of Ihe lungs rather than the 
alyeolar region, thus limiting delivery and subsequent systemic absorption. Moreover, the fluid layer over the epithelial 
cells of the lungs is very thin, usually a fraction of the diameter of the insulin powders being delivered. Thus it was 
unpredictable prior to the DresenX invention whether the dry insulin particles would dissolve upon deposition within the 
alveolar regions of the lungs. Surprisingly, the dry insulin powders are apparently able to both penetrate into the alveolar 
regions of the lungs and dissolve once they have deposited within the alveolar region of the lung. The dissolved insulin 
is then able to cross the epithelial cells into circulation. 

[0017] It is presGnfiy believed that the effective absorption of insulin results from a rapid dissolution in the ultrathin 
(< 0.1 Mm) tiolci layer of the alveolar lining. The particles of the present invention thus have a mean size which is from 
10 to 50 times larger than Ihe lung fluid layer, making it unexpected that the particles are dissolved and the insulin 
systemically absorbed in a rapid manner Indeed, as shown In the Experimental section hereinafter, the dry insulin 
formulations of the present invention can provide even more rapid serum insulin peaks and glucose troughs than 
afforded by subcutaneous injection, which is presently the most common form of administration. An understanding of 
the precise mechanism, hov/ever. is not necessary for practicing the present invention as described herein. 
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[0018] Preferred composHions according lo the present invention will be substantially free from penetration enhartr - 
crs. "Penetration enhancers" are surface active compounds whicfi promote penetration of insulin (or other drugs) 
througfi a mucosal membrane or lining and are proposed for use in intranasal, intrarectal, and inlravaginal drug for- 
mulations. Exemplary penetration enhancers Include bile salts, e.g., taurocholale. glycocholate. and deoxycholate- 
fusidates. e.g., laurodehydrofusidate; and biocompatible detergents, e.g., Tweens. Laureth-9. and the like The use of 
penetration enhancers in formulations for the lungs, however, is generally undesirable because the epithelial blood 
Darner .n the lung can be adversely affected by such surface active compounds. Surprisingly, it has been found that 
the dry powder insulin compositions of the present invention are readily absorbed in the lungs without the need to 
employ penetration enhancers. 

[0019] insulin diy powders suitable for use in Ihe present invention include amorphous insulins, crystalline insulins 
and mixtures of both amorphous and crystalline insulins. Dry powder insulins are preferably prepared by spray drying 
under conditions which result in a substantially amorphous powder having a particle size within the above-stated range 
Alternatively, airiorphous insulins could be prepared by lyophilization (freeze-drying), vacuum drying or evaporative 
drying of a suitable insulin solution under conditions to produce the amorphous structure. The amorphous insulin so 
produced can then bo ground or milled lo produce particles within the desired size range. Crystalline dry powder insulins 
may be formed by grinding or jet milling of bulk crystalline insulin. The preferred method for forming insulin powders 
comprising particulates in the desired size range is spray drying, where pure, bulk insulin (usually in a crystalline form) 
IS first dissolved ii^ a physiologically acceptable aqueous buffer, typically a dirate buffer having a pH in the ranqe from 
abouU to 9. rhe insulin is dissolved ai a concentration from 0.01% by weight to 1% by weight, usually from 6.1% to 
0.2/0. The solutions may then be spray dried in conventional spray drying equipment from commercial suppliers sucli 
as Buchi. Niro. and Ihe like, resulting in a substantially amorphous particulate product. 

10020] The dry insulin powders may consist essentially of insulin particles within the requisite size range and be 
suostantially free from any other biologically active components, pharmaceutical carriers, and the like Such "neat" 
lormulalions may include minor components, such as preservatives, present In low amounts., typically below 10% by 
weight and usually below 5% by weight. Using such neat formulations, the number of inhalations required for even 
high dosages can be substantially reduced, often to only a single breath. 

10021] The insulirt powders of Ihe present invention may optionally be combined with pharmaceutical carriers or 
excipients which are suitable for respiratory and pulmonary administration. Such carriers may serve simply as bulkinq 
agents when it is desired to reduce the insulin concentration in the pov^der which is being delivered to a patient but 
may also ser/e to enhance the slabiiity of the insulin compositions and lo improve the dispersability of the powder 
within a powder dispersion device in order to provide more efficient and reproducible delivery of the insulin and to 
improve handling characteristics of Ihe insulin such as nowability and consistency to facilitate manufacfurinci and pow- 
der filling. 

10022] Suitable carrier materials may bein the form of an amorphous povvder, a crystalline powder, or a combination 
of amorphous and crystalline, powders. Suitable materials include carbohydrates, e.g.. monosaGcharides such as fruc- 
tose, galactose, glucose, D-mannose, sorbose, and the like; disaccharides. such as lactose, trehalose, cellobiose and 
the like; cyclodextrins, such as 2-hydroxypropyl-lJ.cyclodexfrin; and polysaccharides, such as raffinose. mallodextrins 
dextrans, and the like; (b) amino acids, such as glycine, arginine, aspartic acid, glutamic acid, cysteine, lysine and tiie 
like: (c) organic salts prepared from organic acids and bases, such as sodium citrate, sodium ascorbate magnesium 
gluconate, sodium gluconate, tromethamine hydrochloride, and the like; (d) peptides and proteins, such as aspartame 
human serum albumin, gelatin, and the like; (e) aiditols. such as mannitol, xylilol. and the like. A preferred group of 
camers includes lactose, trehalose, raffinose, maltodexfrins. glycine, sodium citrate, tromethamine hydrochloride hu- 
man serum albumin, and mannitol. 

(0023] Suchcarriermaterialsmaybecombinedwilhthejnsulinpriortospraydrying..-.e..byaddingthecarriermalerial 
to the buffer solution which is prepared for spray drying. In that way, the carrier material will be formed simultaneously 
with and as part of the insulin particles. Typically, when the carrier is formed by spray drying together with the insulin 
me insulin will be present in each individual particle at a weight percent in Ihe range from 5% to 95% preferably from 
20 /o to 80%. The remainder of the particle will primarily be carrier material (typically being from 5% lo 95% usuallv 
being from 20% to 80% by weight), but will also include buffer(s) and may include other components as describe^! 
above. The presence of carrier material in the particles which are delivered lo the alveolar region of the lung (i e those 
m the requisite size range below 10 tim) has been found not to significantly interfere with systemic absorption of insulin 
£00241 Alternatively, the carriers may be separately prepared in a dry powder form and combined with Ihe dry powder 
insulin by blending. The separately prepared powder carriers will usually be crystalline (to avoid water absorption) but 
might in some cases be amorphoijs or mixtures of crystalline and amorphous. The size of the carrier particles may be 
selected lo improve the flowabitity of the insulin powder, typically being in Ihe range from 25 ^lm to 100 urn Carrier 
particles m this si^e range will generally not penetrate into the alveolar region of the lung and will often separate from 
the insulin in the delivery device prior to inhalation. Thus. Ihe particles which penetrate into the alveolar region of the 
lung will consist essentially of Insulin and buffer. A preferred carrier material is crystalline mannitol having a size in the 
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above-staled range. 

[0025] The dry insulin powders of the present inventions may also be combined with other active components. For 
exan^ple, it may be desirable to combine smafi amounts of amytin or active amyjin analogues in the insulin powders 
lo improve the treatment of diabetes. Amylin is a horrhone which ls secreted with. insulin from the pancreatic (Vcells in 
normal (non-diabelic) individuals. It is believed lhat amylin modulates insulin activity m vivo, and it hasbeen proposed 
that simultaneous administration of amylin v/ith insulin could improve blood glucose control. Combining dry powder 
amylin with insulin in the compositions of the present invention will.provide a particularly convenient product for achiev- 
ing such simultaneous administration. Amylin may be combined with Insulin at from 0. 1 % by weight to 1 0% by weight 
(based on the total weight of insulin in a dose), preferably from 0.5% by weight to 2,5% by weight, Amylin Is available 
from commercial suppliers, such as Amylin Corporation, San Diego, California^ and can be readity formulated in the 
compositions of the present invention. For example, amylin may be dissolved in aqueous or other suitable solutions 
together with the insulin^ and optionally carriers, and the splulion spray dried to produce the powder produpt. 
[0026] The dr^' powder insulin compositions of the present invention are preferably aerosolized by dispersion in a 
fiov^ing air or other physiologically acceptable gas stream in a conventional manner. One system suitable for such 
dispersion is described in copending application Serial Ho. 07/91 Oi048. which has been published as WO 93/00951, 
the full disclosures of which are incorporated herein by reference. Referring to Fig. 1 herein, dry, free-flowing insulin 
powder is introduced into a high velocity air or gas stream, and the resulting dispersion introduced into a holding 
chamber 10. The holding chamber 10 includes a mouthpiocG 12 al an end opposite to the entry point of the air powder 
dispersion. The volume of the chamber 1 0 is sufficiently large to capture a desired dose and may optionally have baffles 
and/or one-vyay valves for promoting containment. After a dose of the insulin powder has been captured in chamber 
10, a patient P (Fig. 2) inhales on the mouthpiece 12 to draw the aerosolized dispersion inlo his lungs. As the patient 
P Inhales, make-up air Is introduced through a tangentially oriented air inlet port 14, whereby the air flows in a generally 
vortical pattern to sv^eep the aerosolized insulin fi-om the chamber into the patient's lungs. The volume of the chamber 
and the aerosoiized dose are such that a patient is able to completely inhale the entire aerosolized insulin dose followed 
i>y sufficient air lo ensure that the insulin reaches the lower alveolar regions of the lung. 

[0027] Such aerosolized insulin powders are particularly us^^ful in place of subcutaneous injections of rapid acting 
insulin in the treatment of diabetes and related insulin-deficiencies. Surprisingly, it has been found that the aerosol 
administration of dry powder insulin results in significantly more rapid insulin absorption and glucose response than Is 
achieved by subcutaneous Injection. Thus, the melhOKis and compositions of Ih^ present invention will be particularly 
valuable In Ireatmenl protocols where a patient monitors blood glucoscf levels frequently and administers insulin as 
needed to maintain a target serum concentration, but will also be useful whenever systemic insulin administration is 
required. The patient can achieve a desired dosage by Inhaling an appropriate amount of insulin, as just described. 
The efficiency of sy.stemlc Insulin delivery via the method as just described will typically be in the range from about 
15% to 30%. v/ith individual dosages (on a per inhalation basis), typically being in the range from about 0.5 mg to 10 
mg. Usually, the total dosage of insulin desired during a single respiratory administration will be in the range from about 
0.5 mg lo 15 mg. Thus, the desired dosage may be effective by the patient taking from 1 breath to 4 breaths, 
[0028J The following examples are offered by way of illustfalion, not by way of limitation. 

EXPERIMENTAL 

rviaterfals and Methods 

Materials 

[0029] Crystalline human zinc insulin. 26.3 Units/mg, (Lilly Lot #784KK2) was obtained from Eli Lilly and Company, 
Indianapolis. IN and found to be >99% pure as measured by rpHPLC. USP mannltol was obtained from Roquette 
Corporallpn (Gurnee, IL). Raffinpse was purchased from Pfanstiehi Laboratories (Waukegan. IL). Sodium citrate dihy- 
drate. USP, ACS arid cUrrc acid monohydrate USP were obtained from J.T. Baker (Phlllipsburg. NJ). 

Powder Production 

[0030] Insulin pov/ders were made by dissolving bulk crystalline insulin in sodium cJlrate buffer containing excipiont 
(mannltol, or rafflnose, or none) to give final solids concentration of 7,5 mg/ml and a pH of 6.7±0.3. The spray dryer 
v/as operated with an inlet lempei-alure between HO'^C to 120^C and a liquid feed rate of 5 ml/min. resulting in an 
outlet temperature betv^een TO^'C and 80'C. The solutions were then filtered through a 0.22 ^m filler and spray dried 
in a Buchi Spray Dryer lo form a fine white amorphous powder. 

The resulting pov,/ders were stored In tightly capped containers in a dry environment (<10% RH). 



EP0 748 213B1 



Powder Analyses 

[0031] The particle size distribution of the powders was measured by liquid centrifugal sedimentation in a Horiba 
CAPA-700 Particle Size Analyzer following dispersion of the powders in SedisjDerse A-1 1 (Micro?T»erilics» Norcross» 
•J GA), The moisture content of the powders was measured by the Karl Fischer technique using a MilsubisW CA-06 
Moisluro Meter. 

[0032] The integrity of Insulin before and after powder processing was measured against a reference standard of 

human insulin by redissolving weighed portions of powder in distilled water and comparing the redissoived soiution 
with the original solution put into the spray dryer. Retention time and peak, area by rpHPLC were used to determine 
10 v/hether the insulin molecule had been chemically modified or degraded in process. UV absorbance was used to 
detemiine insulin concentration (at 278 nm) and presence or absence of insoluble aggregates {at 400 nm). In addition, 
the pHs of the starling and reconstituted solutions vyere measured. The amorphous nature of the insulin pov^der was 
confirmed by polarizing light microscopy. 

•'•3 Rat Aerosol Exposures 

[0033] Rat experiments v/ere conducted in an aerosol exposure room. Female rats (280-300 gm) v»re re fasted over- 
nighl. Animals (21-24/experiment) were placed In Plexiglas tubes and mounted into a 48 port, nose-only aerosol ex- 
posure chamber (In-Tox Products. Albuquerque, NM), Airflow to the breathing zone was maintained at 7.2-9.8 liters/ 
minute and removed by vacuum so that there was a slight negative pressure (-1 .5 cm H2O) in the chamber as measured 
by a magnahelic gauge. Aerosol exposure llhaes were between 5-20 minutes depending on hbv/ much powder was 
fed into ttie cfiamber. Powders v/ere fed by hand into a small Venturi nozzle which dispersed the powder particles to 
form a fine aerosol cloud. The Venturi nozzle was operated at a pressure in excess of 15 psig, and the air flow was 
set at 7.2 f/min lo 9,8 f/mm. The Venturi nozzle was fitted inio the bottom of a clear Plexiglas dispersion chamber (750 
25 ml) whict) passed the aerosol directly into a nose-only exposure chamber 

Rat Aerosol Chamber Calibratior) 

[0034] The concentration of the powder at the breathing zone was measured by taking multiple, timed filter samples 
at the breathing zone with In-Tox filter holders at a vacuum flow of 2 lilers/min. The chaml?.er was calibrated bofh with 
and without animals. Powder mass was determined gravimetrlcally The particle size of the powders at the breathing 
zone vyas measured with cascade impactor (In Tox Products) placed at a breathing hole and operated at a flow of 2 
liters/min. Powder hiass on each stage was determined gravimetrically. 

[0035] Each pov/der test utilized 21-24 rats and the aerosol exposures lasted 5-20 minutes. Three rats were kilted 
35 at 0 ilme and then al -7. 15. 30, 60, 90^ 120, 180, and 240 minutes after the termination of the aerosol exposure, 
Animals were anesthetized, (heir abdomens opened, and a large blood sample was drawn from the ventral aorta. The 
animals were then killed by cervical dislocation. 

[0036] Blood was allowed to clot al room temperature for 30 minutes and then centrifuged for 20 minutes at 3500 
rpm in serum separator lubes. Serum was either analyzed immediately or frozen at -80''C uritif analysis. As soon as 
possible (0-7 min) after the termination of the aerosol dosing, 3 rats were killed, their blood drawn and their lungs 
lavaged with six 5 ml rinses of phosphale buffered saline ( PBS), The amount of insulin In the final pooled lavage sample 
was used as the aerosol dose for the rat in calculations of bioavailability. 

Primate Exposure System 

(0037J Young, wdd-caplured, male cynomdigus monkeys strain Macaaa fasdcufahs {2-5 kg) (Charles River Primates, 
Inc.) were used for the primate aerosol studies (3-4 animals/group). The animals were either subciitaneously injected 
with Humulin (Eli LHIy. Indianapolis. Indiana) or exposed to a powder aerosol of Insulin. Each animal was placed in a 
head-only exposure unit to provide a fresh supply of the test atmosphere at an adequate flow rate (7 l./min) to provide 
50 minimum oxygen requirements of the animal. The animals were restrained in a chair-like apparatus which placed them 
in an upright sitting position. The hoods were clear allowing the animals complete visualization of their environment. 
An indwelling catheter was placed in the leg so that blood samples could be taken at any time. The monkeys were fully 
awake during the whole procedure and appeared to be calm. Primate t?lood was treated the same as rat (see above). 
[0038] The primate aerosol exposure system included a oreath monitor that allowed quantification of the amount of 
air inhaled by each monkey. This value, coupled with measurements of the concentration of insulin in the inspired air 
allowed the calculation of exactly hov^r much insulin v»/as inhaled by each animal. 
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Human Trials 

[0039] InsuHn was administered to 24 normal human subjects subcutaneously as well as by inhalation of aerosolized 
dry irisufin po\vders. Each subcutaneous Injection consisted of 10.4U of Humulln R, 100 Uyml (Eli Lilly, Indianapolis. 
Indiana), The dry insulin powders were amorphous and prepared by spray drying as described above Wfth 20% by 
weighl mannitol exdpienl. Ooses (5 mg) of the insulin dry powder were dispersed in a high-vefocity air slream to 
produce a fine aerosol that was captured in a chamber. Each subject Inhaled the aerosol powder by taking a stow, 
deep breath of each aerosol bolus or "puff." Powder was administered in three puffs {for a dosage of 31. 9U). Serum 
insulin and glucose levels were determined over time, as described below. 

Serum Assays 

[0040) Serum insulin levels in rats, primates, and humans were determined using Coat-A-Count radio immunoassay 
kits for human insulin (Diagnostic Products Corporation, Los Angeles, CA). Standard curves were run with every batch 
of samples. The sensitivity of the assay was approximately 43 pg/ml. The within assay variability (%CV) is <5%. Glucose 
assays were performed by California Veterinary Diagnostics, Inc. in West Sacramento, OA using the Glucpse/HK Re- 
agent System Pack for the Boehringer Mannheim/Hitachi 747 Analyzer. The within assay variability (%CV) is <3%. 
[0041] In the rate experiments, relative bioavailabilities of the aerosol were calculated by comparing the dose ad- 
justed. Immunoreaclive insulin (IRt) area under the cun/e (AUC) of the concentratfpn^ime profifo with that obtained 
from subcutaneous Injection. In rats the total lavaged insulin mass was used as the aerosol dose. Some Insulin is 
absorbed before the lungs can be lavaged so the dose estimated by this technique is probably a slight underestimate 
of the total deposited dose. No corrections for this presumed loss were made, 

[0042J In the monkey experiments, relative bioavailabilities were calculated similar to the rats above except that 
instead of using lavaged lung insulin as the aerosol dose, the total amount of insulin inhaled was used. In the rats, only 
materia! deposited in the lungs, not insulin deposited in the nasal passages and throat; was included in the dose 
estimate. In the monkeys, all insulin that entered the animals was included in the dose estimate. 

Results of Insulin Absorption in Rats 

[00431 All of the insulin powders used in the animal studies had particle sizes (mass median diameters) ranging 
between 1-3 |im and moisture contenis <3%. The Insulin purity of the powders as measured by rpHPLC was >97%. 
Representative chromatographs of the 20% insulin formulation are shov./n in Fig. 8C. The powders yielded a clear 
solution upon reconslilulion with pure water v/ilh an ultraviolet absorbance value <0.01 at 400 rim and a pH of 6.7^:0.3. 
Representative ultraviolet (UV) specira for the 20% insulin formulation are shown in Fig. 9. 

[0044] The followmg three insulin powder formulations were tested in rats as aerosols in the In-Tox 48 port, exposure 
chamber, 

1. 87.9% insulin; 11.5% sodium citrate; 0.6% citric acid. 

2. 20% Insulin; 66% mannitol: 12.4% sodium citrate: 0.6% citric acid. 

3. 20% insulin; 66% raffmose; 12.4% sodium citrate: Q.6% citric acid. 

(0045J Table 1 lists the key measurements in the three different rat exposure studies including characterizations of 
the aerosol at the breathing ?.one and chamber operating conditions. A fraction of the powder fed into the venturi nozzle 
reached the breathing zones of the rats (34%-67%) because of losses in the walls due to impaction and incomplete 
dispersion of the powder during powder feed. The particle.size of the aerosol at the breathing zone, however, was ideal 
for pulmonary deposilion (1.3-1.9 jim) and was somewhat smaller than the original formulation particle size (2.0-2.8 
pm) due to selective loss of the larger particles in the animal exposure chamber 



Table 1. 



1 Rat Aerosol Exposure Measurements 


1 




88% Insulin 


20% Insulin 
Mannitol 


20% Insulin 
Raffinose 


Chamber Flow Rate 


7.2 t./min 


9.6 L/min 


9.8 L/min 


Powder Mass Median Diameter (MMO) 


2.2 urn 


2.8 pm 


2.0 pm i 


Powder Fed into Chamber 


70 mgs 


255 mgs 


260 mgs } 
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Table 1. (continued) 



to 



Rat Aerosol Exposure Measurements j 




88% Insulin 


20% Insulin 
Mannitol 


20% Insulin 

Raffinose | 


Powder Feed Time 


5 min 


14 min 


20 mm 1 


Powder at Breathing Zone 


40 mgs 


171 mgs 


88 mgs 


Insulin at BreaUiing Zone 


35 mgs 


34 mgs 


18 mgs 


% Total Powder at Breathing Zone 


57% 


67% 


34% 


Mass Median Aerodynamic Diameter (MAD) 


1.1 mg/L 


1.3 mg/L 


0 .46 mg/L 


Particle Size at Breatlinig Zone 


1.4 jtm 


1.9 


1.3 urn 


Insulin Recovered in Lavage 


30 .7±5.2 


12.7±6.9 >ig 


31.6±12.9 ).ig 


Serum Insulin AUG (ng min/ml) 


104 


201 


150 



[0046] Table 2 shows the rat serum insulin and glucose results from the three aerosol and one SC study. Fig. 3A 
20 and 38 shovsf the serum immunoreactive insulin (IRI) concentration-timie profiles and Ihe serum glucose concentration- 
time proliles lor the three formulations administered by aerosol. Table 3 presents the insulin t^g^. and the glucose, t^^i^ 
from the different studies as well as the relative bioavailability of the aerosol compared to SC injection. 



Table 2. 



00 



Serum Insulin and Glucose Results in Rats 1 


Formulation 


Route 


Time 
(min) 


Serum Insulin 
{pg/ml±1 S.D.) 
n-3rats/ 
timept 


Serum 
Glucose 
(mg/dl±1 S.D,) 
n=3rats/ 
timept 


887o Insulin 


Aerosol 


0 


230±184 


106±12 


(Aerosol exposure 


Aerosol 


12 


1020x312 


114t10 


completed at minute 5) 


Aerosol 


21 


165±768 


81±10 1 


Av. Dose=31 ^ig/rat 


Aerosol 


36 


876±764 


66±7 




Aerosol 


66 


684±416 


62±15 




Aerosol 


96 


5681128 


65+10 




Aerosol 


126 


564±260 


73±11 




Aerosol 


186 


712±140 


93±5 


20% Insulin-Mannitol 


Aerosol 


0 


476±56 


165+18 


(Aerosol exposure 


Aerosol 


22 


1476±428 


117+15 


completed at minute 14) 


Aerosol 


35 


2480+892 


101+19 


Av. Dose=13 .ug/rat 


Aerosol 


57 


1204164 


64±13 




Aerosol 


87 


1084±396 


63±17 




Aerosol 


117 


654±180 


105±38 




Aerosol 


147 


1228±416 


108+22 




Aerosol 


207 


676±100 


119+33 


20% insulin-Raffinose 


Aerosol 


0 


426±97 


157±37 


(Aerosol exposure 


Aerosol 


27 


2948±2816 


139±46 
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Table 2. (continued) 



Serum InsuHn and Giucose Results in Rats 



Formuiation 

™ 


Route 


Time 
(nr)in) 


Serum Insulin 
(pg/mf±1 S.D;) 
n=3rats/ 
timept 


Serum 
Giucose 

n=!3rats/ 
timept 


completed at minute 20) 


Aerosol 


42 


1504±592 


1B1±11 


Av. Ooso=32 ug/rat 


Aerosol 


57 


1272+496 


124+45 




Aerosol 


87 


852±164 


128±17 




Aerosol 


117 


604±166 


124±9 




Aerosol 


147 


532x172 


172±12 




Aerosol 


207 


556±100 


2ia±34 


20% InsuUn-Mannitol 


Subcutan 


0 


360+140 


^ 107x5 1 


Oose=30 |.ig Insulin/ral 


Subculan 


15 


14200+3160 


53+:2 i 


j 


O U Uf^lJ IcJl I 


oU 




24±5 


j 


Stibculan 


60 


11000±1080 
2440+1160 


28±6 




Subcutan 


90 


25+7 




Subcutan 


120 


3520±840 


49+3 




Subcutan 


180 


1280+800 


40±17 




Subcutan 


240 


400±260 


77±34 



Table 3 



A Comparison of Aerosol and Subcutaneous (SC) Insulin in Animals 





RatSC 


Rat Aerosol 
88% Insulin 


Rat Aerosol 
20% Insulin 
Mannifol 


Rat Aerosol 
20% Insulin 
Raffinose 


Monkey 
SC 


Monkey 1 
Aerosol 20% 
Insulin 
Mannitol 














t 


Insulin Max* 


15 min 


16 min 


21 min 


17 min 


15 min 


30 min 


Glucose MIn.' 


30 min 


31 min 


43 mm 


37 min 


45 min 


45 min 1 


Glucose Drop 


77% 


42% 


62% 


21% 


45% 


73 % j 


1 RelBloavail. 


100% 


10%** 


44%"* 


14%** 


100% 


12%"** 



' T's tneasurfrfj from end of oorosol expcaaure period. 
Glucose rr.in = time fo ^•85% of niaicimol recfbclion obseived in study 
Baaed on insulin iccovcrod by r^vaQC- from lung at end of aerosol ©Kposurc 
naned on insulin inhnlcd, rnclu<tes losses in nasal passages and throai 



[0047J All three formulations provided rapid absorbing tnsu/in to the rats systemic circulation (Figs 3A and 3B) The 
bioavailgbilily and glucose response were higher for the 20% insulin/mannitol powder (Table 3). although without per. 
.'orming many replicate experiments, it is uncertain If the difference was significant. 

Primate Results 

[0048] A dose identical to what was used in the human trial (0. 2 U/kg. -27 Mg/monkey) was injected into four monkeys 
to provide the SC data with which to compare the aerosol results (Figs. 4A and 4B), Table 4 shows the monl^ey aerosol 
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exposure data. Tabic 5 shows the mean serum insulins and glucoses for the aerosol exposure and the subcutaneous 
study. The aerosol dose yielded a robust insulin and glucose response (high dose). Fig. 4 shows a comparison of the 
mean scrum Insulin profiles from the two aerosol and one SC study. From the AUCs of these profiles the relative 
bioavailability of the aerosol insulin was calculated to be 12%. 



Table 4. 



1— ■ ■ ■■■■■TJSVgfr.V.Y.-.'»W 




Monkey Aerosol Exposure Data 


Animal ID 


Grav, 
filter 
Mass 
(mg) 


Avg 
Aerosol 
Cone. 

(Mg/L) 


Inhaled 
Volume 


Est. 
Inhaled 
Aerosol 
Mass 

im) 


Est, 
Inhaled 
Insulin 
Mass 


Body Wt. 

(Kg) 


Est. Insulin 
Dose 


AUG 
(ng min/ 
ml) 




















#1, 23-46 


1.07 


178 


8.96 


1597 


320 


3.92 


81.5 


347 


1 #2. 23-48 

f....... 


1.01 


168 


19,98 


3363 


673 


3.81 


176.6 


1196 


tf3, 

122-55 


0.97 


162 


14.68 


2373 


475 


4.1 


115.7 


739 












489±178 









Human Results 



[0049] The comparative results between respiratory delivery and subcutaneous injection are set forth in Table S 
below. Respiratory aerosol delivery resulted in more rapid absorption (peak at 20 minutes) than injection (peak at 60 
minutes) with a more rapid glucose response (trough at 60 minutes) than with injection (trough at 90 minutes). Repro- 
ducibility was as good if not belter with aerosol than with Injection in both insulin and glucose response. Injection doses 
v/ere carefully adjusted for vyeighl, aerosol doses were not. Biological activity of aerosol insulin, based on glucose 
response, rolalive to injection was 28-36%, Bioavailability of aerosol insulin, based on area-undor-lhe-insulin curve, 
relative to injection was 22.8% for the 3 puff group. 



Table 5 



Serum insulin and Glucose Results in Humans 


INSULIN 


Subject #5 


Dose/I njecliori 
or Blister 


Dose in 
Subject* 


Increase in 
Serum Insulin 
pU/ml 


Time of Maximum 


Relative 
Bioavailability 
Based on Insulin 
AUC 


1-24 

(SC Injieclion) 


10.4U 


10.4U 


5.8 ' 20.9 


60 min 


100.0% 


7-24 (3 puffs) 


76.0U 


31 .9U 


6.1-28.6 


20 min 


22.8% 


GLUCOSE 


Subject 


Drop in Mean 
Serum Glucose 
mg/dl 


mg/dl drop 


Time of Minimum 


%SC 


Relative 
Bioaclivtty 
Based oh 
Glucose Drop 


1-24 

(SC Injection) 


93.6-64.9 


28J 


90 mln 


100% 


100% 


i 

1 7-24 (3 puffs) 


91.8-67.6 


24.2 


60 mln 


84.3% 


27.4% 
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[0050] The results of the human triafs are further presented in Figs. 5A-5B. Fig. 5A shows mean.serum insulin over 
lime for subcutaneous injeclion (<>). inhalation (3 puffs, ®). Mean serum glucose levels are similarly presented in Ftg. 
5B. Insulin peaks and glucose troughs are:Shown In Figs, 6A and 6B. respectively, while Intersubject variability in serum 
insulin and glucose are presented in Figs. 7A and 7B, respectively. 
5 [0051] In addition, the shallow inspirations (tidal breathing) of the monkeys during the aerosol exposures do not 
represent the optimal breathing maneuver for deep lung deposition. A higher bioavailability was obsen/ed in humans 
(Table 5). as expected, when the optimum breathing maneuver was used and the aerosol bolus was taken by oral 
inhalalion rather than by nasal inhalation. 

[0052J Although the foregoing invention has been described in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious thai certain changes and modifications may be practiced within 
the scope of the appended claims. 

Claims 

10 

1. A method for aerosolizing a dose of insulin, said method comprising: 

providing insulin as a dry powder, 

dispersing an amount of the dry powder in a gas stream to foi^m an aerosol; and 
20 capturing the aerosol in a chamber having a mouthpiece. 

2. A method as in claim 1. wherein the insulin is substantially free from penetration enhancers. 

A method as in claim 1 , wherein the Insulin is present in a dry powder carrier at a weight concentration in the range 
25 from about 5% to 99% wherein the powder carrier comprises a caii)ohydrale, organic salt, amino acid, peptide or 

protein, 

4. A mettiod as in claim 1 , wherein the insulin dry powder comprises particles having an.average size befdvv 10 pm. 

30 5. A method as in claim 1 , wherisin tfie dry powder comprises individual particles including both insulin and a carrier 
material wherein the insulin is present in the individual particles at from 5% to 99% by weight. 

6. A method for preparing a stable, dry powder insulin composition, said method comprising: 

:tH dissolving Insulin in an aqueous buffer to form a solution; and 

spray dr^'ing the solution to produce substantially amorphous particles having an average size below 10 fim. 

7. A method as in claim 6, wherein the insulin is dissolved in a aqueous buffer together with a pharmaceutical carrier, 
wherein a dry powder having insulin present in individual particles at from 5% to 99% by weight.isprcduced upon 

<o spray drying and wherein the. pharmaceutical carrier is a carbohydrate selected from the group consisting of man- 

nitol, raffinose, lactose, maltb dextrin and trehalose, organic salt selected from the group consisting of sOdiijm 
citrate, sodium gluconate, sodium acetate and sodium ascorbate. amino acid; peptide, or protein which produces 
a powder upon spray drying. 

''i 0, An Insulin composition for pulmonary delivery, said cornposltioncornprising individual particles which include spray- 
dried amorphous powder insulin preserit at from 6% -to 99% by weight in a pharmaceutical carrier material and 
have a size below 10 pm. 

9. An insulin composilion as In claim 8, wherein the composilion is substantially free from penetration enhancers. 

50 

10. An insulin composition as in claim 3, wherein the pharmaceutical carrier material comprises a carbohydrate se- 
lected from the group consisting of mannitol, raffinose, lactose, malto dextrin and trehalose, or an organic salt 
selected from the group consisting of sodium citrate, sodium gluconate and sodium ascorbate. 

0^ 11. An insulin composilion as in claim 8 consisting essentially of dry powder insulin having an average particle size 
below 10 pm. 



12. tJse of dry insulin in the manufacture of a medicament for pulmonary delivery. 
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13. Use as claimed in dolm 12, wherein ihe insulin is in the farm of an insulin composition as defined in any one of 
ciaims 8 to 11. 



5 Pa tenthn s pr Uche 

1. Veffahren zum Vernebein einer Insulihdosis, wobci das Verfahren umfasst: 

Bereiii?;tel(en von Insulin als Irockenes Pulver. 
to Dispergieren einer Menge des trockenen Pulvers in einem Gasstfom» urn ein Aerosol zu bilden» und 

Einfangen des Aerosols in einer Kammer mif emem Mundstuck. 

2. Verfahren nach Anspruch 1 , worin das Insulin im Wesentlichen frei von Penelrationsverstarkern \sl 

3. Verfahren niich Ainspruch 1 . worin das Insulin in einem Trockenpulvertrager vorliegt, mit einer Gewichtskonzen- 
(ration im Bereich von etwa 5% bis 99%, worin der Pulvertrager ein Kohlenhydrat. organisches Saiz. eine Amino- 
sSure» ein Peplid oder Protein umfasst. 

4. Verfahren nach Anspruch 1 , worin das trockene Insulinpulver Partikel mit einer durchschnitUrchen Grof^e von we- 
20 niger als 10 pm umfasst. 

5. Verfahren nach Anspruch 1 , worin das trockene Pulver einzelne Parlikel umfasst, weiche sowohl Insulin afs auch 
ein Tragermatertai enthallen, wobei das Insulin in den einzelnen Partikein mit 5 Gew.-% bis 99 Gew.-% vorliegt. 

25 6. Verfahren zur Herstellung einer stabilen trockenen Insuilnpulverzusammenselaung. wobei das Verfahren umfasst: 

Losen von insulin in einem w^ssrigen Puffer, um eine Losung zu bilden. und 

Spruhtrocknen der Losung. urn im Wesentlichen amorphe Parlikel mil einer durchschnittlichen Grof^e von 
weniger als 10 ^tm zu erzeugen. 

I, Verfahren nach Anspruch 6, worin das Insulin zusammen mitelnem jDharmazeutischen Trager In einem wassrigen 
Puffer gelost vvird. worin beim Spruhtrocknen ein Irockenes Pulver mil einem Insulingehalt in den einzelnen Par- 
tikein von 5 Gew,-% bis 99 Gew.-% erzeugt wird, und Worin der pharmazeutische Trager ein Kohlenhydrat, v/elc*hes 
ausgewahll wirU aus der Gruppe bestehend aus Mannit, Raffinose, Lactose, Maltodextrin und Trehalose, ein or- 
ganisches Sate, welches ausgewahtt wird aus der Gruppe bestehend aus Natnumcitrat, Natrtumgluconat, Nalriu- 
macetat und NatriumascorbaL eine Aminosaure. ein Peptid oder ein Protein Isl, welches beim Spuhlrocknen ein 
Pulver erzeugt. 

8. Insulinzusammonsetzung fur eine Verabreichung uber die Lunge, wobei die Zusahimensetzung einzelne Partikel 
*\o umfasst, vvclche ein spruhgetrocknetes amorphes Insulinpulver enthalten. das niit 5 Gew.-^/o bis 99 Gew.-% in 

Gtnem pharmazeutischen TrSgermaterlal vorltegt, und eine GroJie von weniger als 10 |im aufwelsen. 

9. Insulinzusammcnsotzung nach Anspruch 8, worin die Zusaminenselzung im Wesenllichen frei von Pehetralions- 
verstarkern IsL 

10. Insuiinzusammensetzung nach Anspruch 8, worin das pharmazeutische Tr^germalerial ein Kohlenhydrat, welches 
ausgewahlt wird aus der Gruppe bestehend aus Mannit, Raffinose, Lactose, Maltodextrin und Trehalose, oder ein 
organisches Salz, wefches ausgewahll v^ird aus der Gruppe bestehend aus Natriumcilrat. Natriumgluconat und 
Natriumascorbat umfasst. 

to 

II. Insutinzusamrnensetzung nach Anspruch 8, weiche im Wesentlichen aus .einem trockenen insulinpulver mit einer 
durchschnittlichen Partikelgrofie yon v^eniger als 10 um besleht. 

12, Vcrv^cndung vonlrockehem Insulin zur Herstellung ernes Arzneimittels zur Verabreichung Gber die Liinge. 

55 

13. Vercvendung nach Anspruch 12, worin das InsuHn in Form einer Insuiinzusammensetzung nach einem der An- 
sprOche 8 bis 11 vorliegt. 
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Revendications 

1. Proc6d6 pour moUro sous forme d'aerosol une dose d'insullne, ledit precede consisfant : 

a partir d'insuHne sous forme de poudre seche, 

a dtsperser une quant ite de la poudre seche dans un courant de gaz de maniere a former un a6rosoI ; et 
d capturer ra^rosol dans une chambre ayant une embouchure. 

2. Procede selon ia revondication 1 » dans lequel rinsuline est pratlquement exemple d'amplificaleurs do penetration. 

3. Proc6de selon la revendicalion 1, dans (equel rinsuline est presente dans un vehicule en poudre s6che d une 
concentration en poids situee dans la plage allant d'environ 5 % a 99 %. et dans lequel le vehicule en poudre 
comprend un tiydrale de carbons, un sel organiquc. un acide amln6, un peptide ou une protdine. 

4. Procede selon la fevondicalion 1 . dans lequel la poudre s6che dinsuline comprend des parlicules ayant une tallle 
moyennc inr6rleure A I0|im, 

5. Procede selon la revendication 1 . dans lequel la poudre seche comprend des parlicules Individuelles contenanl 
a la fois de rinsuline el un vehicule, rinsuline etant presente sous forme de particuies individuelles a raison de 5 
% a 99 % en poids. 

6. Procddb pour preparer une composition d'insuline en poudre seche stable, ledit precede consisle : 

a dissoudre de rinsuline dans un tampon aqueux pour former une solution ; et 

d secher par pulverisation la solution de maniere a produire des particuies pratiquement amorphes ayant une 
taille moyenne inf^rieure a 10 pm. 

7. Proc6d6 selon la revendicalion 6, dans lequel rinsuline est dissoute dans un tampon aqueux conjointement avec 
un vehicule pharmaceutique. dans tequel une poudre s^che contenant de I'insultne sous forme de particuies in- 
dividuelles a raison de 6 % d 99 % en polds, est produite par s6chage par pulvferlsalion. et dans lequel le vehicule 
pharmaceutique est un hydrate de carbone choisi dans rensemble constitue par le mannitol, fe raffinose, le lactose, 
ia maltodextrlne el le trehalose, un sel organique choisi dans rensemble constitue par le citrate de sodium, le 
gluconate de sodium, l*acetate de sodium et t'ascorbale de sodium, un acide arhine, un peptide, ou une protetne, 
qui donnent une poudre lors d^un sechage par pulverisation. 

8. Composition d!insutine pour administration par voie pulmonaire, ladlte composition comprenant des particuies 
individuelles contenant de I'insuline en poudre amorphe sechee par pulverisation presente cJ raison de 5 % a 99 
% en poids dans un vehicule pharmaceutique et qui ont une tallle inferieure.a 10 urn. 

9. Composition d'insulii^e selon la revendication 8, dans laquelle la composillon est pratiquement exempte d'ampli- 
ficatours de pon6tratlon, 

10. Composition d'insuline selon la revendication 8, dans laquelle le vehicule pharmaceutique comprend un hydrate 
de carbone choisi dans rensemble constitu6 par le mannitol, le r affinose, le lactose, la.maitodextrine et le trehalose, 
ou un sel organique choisi dans rensemble constltu^ par te citrate de sodium, le gluconate de sodium el I'ascorbate 
de sodium. 

11. CorTipositlon d'insuline selon la revendicalion 8, constitute essentiellement d'insuline en poudre s6che ayant une 
granulomttrie moyenne inferieure a 10 pm. 

12. Utilisatioin d'insuline seche dans la fabrication d'un medicament destine ik une deiivrance par voie pulmonaire. 

13. Ulilisailon selon la revendicalion 12, dans laquelle rinsuline est sous la forme d'une composition d'insuline telle 
que d§finje dans rune quelconque des revendicatioris 8 d 11. 
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